A bstract
Introductory physics students frequently struggle with the application of Newton's laws of motion. Students frequently misinterpret Newton's 3 rd Law, which states that for every action there is an equal and opposite reaction. The confusion arises when allocating the action-reaction force pair to a system; students think that the force pair act on the same object, but the force pair actually act on different objects. One interesting example, where action-reaction force pairs come into play, is the game of Tug-of-War. Therefore, to address some misconceptions about Newton's laws of motion, we implemented an activity where we looked at how the magnitude of the tension force in a game of Tug-ofWar changed over time and what factors lead one team to victory. Using an experimentally modified game setup, we measured the tension on the rope using a load cell and the position of the center of the rope was tracked using an ultra-wideband positioning system. The data collected from these sensors exhibited decreasing trends in the tension force magnitude as each match concluded. The loss of balance of the losing team caused this trend to develop. To further understand the outcome of complex systems like a game of Tug-of-War, new intuition needs to be build. During this engaging activity, students will learn how to correctly apply Newton's laws of motion. Implementing such activity into introductory level physics lab courses, demonstrations, or science outreach activities, will help students describe other complex systems using Newton's laws of motion.
Background

Motivation
Students who are introduced to Newton's laws in high school or college often find them to be counterintuitive. Often students form incorrect ideas and mix up concepts by relating them incorrectly with personal experience 1 . Therefore, it is necessary to introduce Newtonian physics in innovative and interactive ways to address these misconceptions.
The goal of this project is to develop an activity in which students can participate in Tugof-war matches, and through the implementation of modern technology students will be able to visualize and understand how Newton's laws govern the motion of systems.
Newton Laws within Tug-of-War
In a game of Tug-of-War, students can understand how a match is won by using Therefore, it is better to demonstrate to students how Newton's laws describe the motion of objects.
Overcoming misconceptions
While memorizing formulas and definitions 3 can get a student through an exam, an experiment can strengthen one's intuition about natural phenomena. Also, the use of a free body diagram is the principle technique for students to apply Newton's laws of motion because all the forces that act on a system can be labeled. This can help visualize the force vectors for the entire system. When students examine only a portion of the system, they can mix concepts from the three laws. For instance, when an object is not accelerating, the second law i and the third law ii can be mixed up. Consequently, a problem where students allocate third law force pair to a single object is prone to emerge.
Therefore, students need an activity in which active-learning is applied, i.e. students learn by doing a physical activity or by taking part in an experiment. Allowing students to actively participate in engaging activities like a game of Tug-of-War will help them develop their intuition about motion.
Addressing misconceptions with Tug-of-War
The Tug-of-War system is complex due to its several moving parts, but it also shares similarities with other simple phenomena e.g. pulling a box across the floor.
Generalizing and thinking that all systems will behave similarly can be detrimental to the understanding of complex systems as misconceptions about the motion of the system will arise. Therefore, in this section, we will focus some of the insightful ideas which will help shed some light on some common misconceptions within the game.
Misconception: The motion of an object is impeded by friction.
While it is true that friction can slow down a moving object, friction ultimately comes down to the interaction between two surfaces. Therefore, it can also be thought of as a force that produces traction. Tug-of-war is a game that uses friction as the driving force.
Misconception: Students often misidentify the action-reaction pair forces described by the third law. They incorrectly identify the action-reaction pair as being the force on a single mass when they are equal and opposite 4 .
Though it is true for equation ( Therefore, to intuitively predict the outcome of a Tug-of-War match it is critical to think through all the variables that make up the system. In later sections the factors that affect the outcome of the game will be presented. In the experiment design section, hypotheses are formed which take these factors into consideration. Then, it will become apparent how a team wins the match. Furthermore, students will be able to predict a match's outcome when given a set of initial conditions about the system. 5 And vice versa, students will be able to come up with situations or initial conditions in which a team is able to win by maintaining a constant tension force, by causing the other team to exert less force, or by exerting more and more force.
Tug-of-war
Game rules
As the goal of the activity is to teach students how to apply Newton's laws into the system, the rules of Tug-of-War are adjusted for a laboratory activity. During the matches players will select even teams at random, so that they are as balanced as possible.
Team members can be interchanged if there is a noticeable advantage. The teams will
have time to choose a strategy before the match starts. Then, students in the front of each team will have to stand four meters from the center point to start the match. The team that manages to pull the other team over the center will win the match.
Game development
The increases magnitude force such that it reaches its maximum in a match.
Other factors that influence the game outcome
Another factor that affects the magnitude of the force is described by the Ringlemann effect 10 These devices can be powered with a rechargeable battery. Such feature allows them to be mounted on any object that needs tracking In this case the tag will be placed in the middle of the rope and its three-dimensional position will be tracked throughout a game.
Configuration
Configurating the positioning system allows for the center of the rope to be accurately located. Therefore, one of the anchors is set to be the origin of the threedimensional space. While the other three anchors can be positioned at known coordinates from that origin. Therefore, the anchor set to be the origin would be at coordinates 
Fixing bugs along the way
As with any experiment development process, there are failed attempts that contribute to further developing the experimental setup. In this case it only took one bad data collection session to address the problems within the setup. Since the load cell has screw eyes to attach the rope to either side, these screws would become loose because of the rotational motion generated as teams pulled. Shown in Figure 4 is one of the swivels that solved this problem. 
Hypotheses
First, we hypothesized that the tension force magnitude will decrease over time within a match of Tug-of-war, therefore we did two data collection sessions that were different from each other to see if the hypothesis would hold, regardless of the circumstances. During each session, we also tested for other hypotheses. In one session, we tested for our second hypothesis: the proportionality between frictional force and tension force within the system. While in the other session, we tested for our third hypothesis: the relation between the in maximum tension force exerted by individual players and the maximum tension force of a team composed of these individual players.
First data collection session
As mentioned in the second hypothesis, we wanted to see if the coefficient of friction was reflected on the tension force magnitude. Since the friction depends on the interaction between two surfaces, the matches for this session consisted on varying the interacting surfaces. There were two factors tested. First, the material of the surface was changed. In 
Results gathered from both sessions
While analyzing the data, we looked for a trend in the tension force magnitude over time. In both data collection sessions, we found that there was indeed a downward trend in the force magnitude which can be seen in the sets of graphs encapsulated in 
First data collection session
The coefficient of friction was the main parameter tested in this data collection session. While the experiment only accounts for the tension force, being able to see the effect of a lower coefficient of friction in the tension force is a teachable lesson for students.
Comparing the time intervals that it took the teams to achieve victory provided further insight into how friction impacts the games development and lets us establish a relation between the tension force and the friction force. For instance, during the match where teams were pulling from their dominant side and one team was wearing socks, it only took 11 seconds to defeat the team in socks. On the other hand, when teams were pulling from their less dominant side, the time intervals varied. When the team of two won with shoes on, it took them 18 seconds. But when they lost while wearing socks, the match lasted for over 30 seconds. These results give reason to believe that friction was influenced by both the material of the surfaces and the way the surfaces interacted.
Second data collection session
The maximum tension force was the main parameter analyzed for these sets of matches. After comparing the maximum tension force values in Tables 2 and 3 
